Abstract. Solving the Dirac equation for a positron in the Coulomb field of a nucleus with Z > Z cr we observe (confirm) the resonance dependence of the scattering phase δ κ on the energy ε p of the positron. A physical interpretation of these resonances is suggested.
Introduction
This talk is based on [1] .
The Dirac equation in the Coulomb field of a nucleus for the ground energy level gives
What happens when Z > 1/α = 137? When nucleus radius is accounted for, the square root singularity is resolved, with growing Z ground state energy becomes negative [2] .
At Z = Z cr ≈ 175 ground state energy dives into lower continuum of the Dirac equation, E 0 becomes less than −m.
As soon as a nucleus with Z > Z cr is formed, spontaneous production of e + e − pairs occurs; positrons are radiated to spatial infinity and can be detected while electrons are captured by the nucleus. Naked supercritical nucleus is screened by electrons [3] , [4] , [5] , [6] , [7] .
The recent development
The paper by V.M. Kuleshov et al. was published recently [8] . These resonances were briefly discussed in [6] , [9] , [10] , [11] , [12] . 
The Dirac equation
The radial functions of the Dirac equation F(r) ≡ r f (r) and G(r) ≡ rg(r) are determined by the following differential equations: 
Solution of the Dirac equation. Solution at r < R:
Solution at r > R:
where C and D are arbitrary coefficients. Unlike textbooks case both regular and singular at r = 0 solutions are taken into account.
The ratio C/D should be determined by matching with the solution at r < R.
Scattering phase and the position of the poles
The scattering phase δ κ (ε, Z) is determined by investigating the behavior of the wave function at large r:
The resonance of the scattering amplitude corresponds to the pole of the S -matrix element S ≡ e 2iδ , so we immediately get an equation for the position of this pole in the ε-plane: Where do resonances (Gamov states) come from?
• At Z < Z cr (ground state energy ε > −m) they are bound states, spectrum of which are given by zeroes of denominator of S .
• At Z > Z cr pole goes to the second sheet of energy plane ABOVE left cut,
At Z > Z cr state is at lower continuum -sign of energy should be reversed (negative electron energies at lower continuum describe positive positron energies).
BUT: resonance state originates from upper continuum . . .
The Dirac equation for positron
The Dirac equation for positron in the field of (positively charged) nucleus
Solving this equation we found scattering phase δ.
What about resonances? It describes bound states, which this time originates from lower continuum, where electrons are situated.
At small Z the ground state energy equals
With growing Z energy crosses zero and at Z > Z cr first resonance (Gamov) state emerges. It is situated on the second sheet of energy plane below right cut:
It is a proper place for the resonance state! Qualitative explanation of the resonance phenomena in the e + N + system; M.I. Eides question.
A Schrödinger-like equation from the Dirac equation for positron:
where
. The effective potential is seen to be made of two terms: U = U 1 + U 2 , where:
for ε = m and κ = 1, we get
8mr 2 . At short distances the terms ∝ 1/r 2 dominates and, for a supercritical nucleus, they lead to attraction, while the Coulomb term dominates at r ≥ 1/m. This attractive force explains the existence of resonances in the e + N + system. For Zα > 1 fall to the center phenomena occurs.
Conclusions
According to V.M. Kuleshov et al. since the scattering phase is real e + e − pairs are not produced. That's why naked nucleus with arbitrary large Z is stable.
OUR OPINION: No naked nucleus with Z > Z cr .
• Conservation of energy allows pairs production.
• Resonance in the heavy nucleus -positron system just signal pair production.
• What happens:
-Without nucleus empty level in lower continuum is positron.
-With nucleus the energy of empty level gets imaginary part, so it decays with the lifetime 1/γ. -In this time electron which occupies the state with the same energy in the lower continuum "jumps" to this empty level creating "charged vacuum", while positron (hole in the lower continuum) is radiated to "infinity". 1. Rutherford scattering of positron on supercritical nucleus do exhibit resonance behavior; width of this resonance equals time in which e + e − pair is produced by supercritical nucleus. It is just the picture I described. Occupied by electrons states of lower continuum which come from the upper continuum when Z grows and becomes larger that Z cr form "charged vacuum" -its charge equals −n, where n is the number of these levels. Compensating charge +n was carried out by produced positrons.
3. Conclusive evidence: Let us consider positron scattering on a nucleus with, say, Z = Z cr + 10. Two electrons from charged vacuum are spread at r ≈ 1/m. Resonance in this case will be approximately at the same place which we found before having approximately the same width. This width gives the lifetime of positron in vicinity of supercritical nucleus; during this time positron flies away leaving nuclei screened by vacuum electrons.
